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AUTOMATED ANNOTATION 

B. RELATED APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
10/ 176,534 ?led Jun. 24, 2002 titled “Automated Annota 
tion” Which is a continuation in part of application Ser. No. 
10/052,380, ?led on Jan. 23, 2003, both of Which are 
incorporated herein by reference. 

F. BACKGROUND 

[0002] Practical Writing experience is generally regarded 
as an effective method of developing Writing skills. In this 
regard, literature pertaining to the teaching of Writing sug 
gests that conception of subject matter, arrangement and 
revision in essay Writing may be improved through practice 
of essay Writing. Furthermore, evaluation and feedback, 
speci?cally pointing out strong and Weak areas in a students 
essay Writing, may facilitate improvements in the student’s 
Writing abilities, speci?cally With regard to essay organiZa 
tion. 

[0003] In traditional Writing classes, students may be 
presented With a “revision checklist.” The revision checklist 
is intended to facilitate a process (i.e., the revision process) 
in Which the student is asked to critically revieW their oWn 
Work and identify areas needing improvement. Typically, 
this checklist is a list of questions posed to the student. These 
questions are intended to help the student re?ect on the 
quality of their Writing. For instance, the checklist might 
pose questions such as the folloWing: a) Is the intention of 
the thesis statement clear?; b) Does the thesis statement 
respond directly to the essay question?; c) Are the main 
points in the essay clearly stated?; and d) Does the conclu 
sion relate to the thesis statement? If these questions are 
expressed in such general terms, they may be of little help. 

[0004] Instead, it may be most helpful if “discourse ele 
ments” Within a student’s essay are identi?ed and presented 
to the student. Speci?c example of discourse elements 
include: title, background, thesis statement, main points, 
support, conclusion, and the like. When the identi?ed dis 
course elements are presented to the student, the student 
may, more easily, be able to determine if, for instance, the 
conclusion folloWs, conceptually, the thesis statement. HoW 
ever, a teacher may not have su?icient time to annotate (e. g., 
identify and mark-up the discourse elements of an essay) 
each student essay and point out speci?c Weaknesses or 
de?ciencies. Furthermore, not all teachers have the same 
level of annotation skills and thus, some students may 
receive insuf?cient or improper annotation. Therefore, an 
automated discourse analysis application may be valuable to 
those Who Wish to improve their Writing skills With regard to 
organiZation of ideas. 

SUMMARY 

[0005] In accordance With an embodiment, the invention 
pertains to a method for automatically annotating an essay. 
In this method, a sentence of the essay is identi?ed and a 
feature associated With the sentence is determined. In addi 
tion, a probability of the sentence being a discourse element 
is determined by mapping the feature to a model. The model 
having been generated by a machine learning application 
based on at least one annotated essay. Furthermore, the essay 
is annotated based on the probability. 

Apr. 5, 2007 

H. BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Embodiments of the invention are illustrated by 
Way of example and not limitation in the accompanying 
?gures in Which like numeral references refer to like ele 
ments, and Wherein: 

[0007] FIG. 1 is a block diagram of a computer netWork in 
Which an embodiment of the invention may be implemented; 

[0008] FIG. 2 is a block diagram of a computer system in 
Which an embodiment of the invention may be implemented; 

[0009] FIG. 3 is a block diagram of an architecture for an 
embodiment of an automated discourse analysis application; 

[0010] FIG. 4 is a How diagram ofa method of discourse 
analysis according to an embodiment of the invention; 

[0011] FIG. 5 is a diagram of a rhetorical structure tree 
according to an embodiment of the invention; 

[0012] FIG. 6 is a block diagram of an architecture for an 
embodiment of an automated discourse analysis model 
builder application; 

[0013] FIG. 7 is a How diagram of a method for building 
a discourse analysis model according to an embodiment of 
the invention; and 

[0014] FIG. 8 is a How diagram of a method for generating 
annotated data according to an embodiment of the invention. 

I. DETAILED DESCRIPTION 

[0015] For simplicity and illustrative purposes, the prin 
ciples of the invention are described by referring mainly to 
an embodiment thereof. In the folloWing description, numer 
ous speci?c details are set forth in order to provide a 
thorough understanding of the invention. It Will be apparent 
hoWever, to one of ordinary skill in the art, that the invention 
may be practiced Without limitation to these speci?c details. 
In other instances, Well knoWn methods and structures have 
not been described in detail so as not to unnecessarily 
obscure the invention. 

[0016] FIG. 1 is a block diagram of a computer netWork 
100 in Which an embodiment of the invention may be 
implemented. As shoWn in FIG. 1, the computer netWork 
100 includes, for example, a server 110, Workstations 120, 
and 130, a scanner 140, a printer 150, a database 160, and 
a netWork 170. The computer netWork 170 is con?gured to 
provide a communication path for each device of the com 
puter netWork 100 to communicate With the other devices. 
Additionally, the computer netWork 170 may be the Internet, 
a public sWitched telephone netWork, a local area netWork, 
private Wide area netWork, Wireless netWork, and the like. 

[0017] In various embodiments of the invention, an auto 
mated discourse analysis application (“ADAA”) 180 may be 
executed on the server 110 and/or either or both of the 
Workstations 120 and 130. For example, in an embodiment 
of the invention, the server 110 is con?gured to execute the 
ADAA 180, provide output for display to the Workstations 
120 and/or 130, and receive input from the Workstations 120 
and/or 130. In various other embodiments, one or both of the 
Workstations 120 and 130 may be con?gured to execute the 
ADAA 180 individually or cooperatively. 

[0018] The scanner 140 may be con?gured to scan textual 
content and output the content in a computer readable 
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format. Additionally, the printer 150 may be con?gured to 
output the content to a print media, such as paper. Further 
more, data associated with: at least one essay; textual 
content; annotated essay; and the like, may be stored on the 
database 160. The database 160 may additionally be con 
?gured to receive and/or forward some or all of the stored 
data. Moreover, in yet another embodiment, some or all of 
the computer network 100 may be subsumed within a single 
device. 

[0019] Although FIG. 1 depicts computer network, it is to 
be understood that the invention is not limited to operation 
within a computer network, but rather, the invention may be 
practiced in any suitable electronic device. Accordingly, the 
computer network depicted in FIG. 1 is for illustrative 
purposes only and thus is not meant to limit the invention in 
any respect. 

[0020] FIG. 2 is a block diagram ofa computer system 200 
in which an embodiment of the invention may be imple 
mented. As shown in FIG. 2, the computer system 200 
includes a processor 202, a main memory 204, a secondary 
memory 206, a mouse 208, a keyboard 210, a display 
adapter 212, a display 214, a network adapter 216, and a bus 
218. The bus 218 is con?gured to provide a communication 
path for each element of the computer system 200 to 
communicate with the other elements. 

[0021] The processor 202 is con?gured to execute a soft 
ware embodiment of the ADAA 180. In this regard, a copy 
of computer executable code for the ADAA 190 may be 
loaded in the main memory 204 for execution by the 
processor 202 from the secondary memory 206. In addition 
to computer executable code, the main memory 204 and/or 
the secondary memory may store data, including essays, 
textual content, annotated essays, tables of data, and the like. 

[0022] In operation, based on the computer executable 
code for an embodiment of the ADAA 180, the processor 
202 may generate display data. This display data may be 
received by the display adapter 212 and converted into 
display commands con?gured to control the display 214. 
Furthermore, in a well known manner, the mouse 208 and 
keyboard 210 may be utiliZed by a user to interface with the 
computer system 200. 

[0023] The network adapter 216 is con?gured to provide 
two way communication between the network 170 and the 
computer system 200. In this regard, the ADAA 180 and/or 
data associated with the ADAA 180 may be stored on the 
computer network 100 and accessed by the computer system 
200. 

[0024] FIG. 3 is a block diagram of an architecture for an 
embodiment of the ADAA 180. As shown in FIG. 3, the 
ADAA 180 includes a user interface 300 con?gured to 
accept an essay and/or to output an annotated essay to the 
user. For example, the user interface 300 may accept an 
essay keyed into the keyboard 210 and display an annotated 
essay on the display 214. The user interface 300 is further 
con?gured to forward the essay to a feature extractor 302 
and receive the annotated essay from a discourse analysis 
modeler 318. 

[0025] The feature extractor 302 includes a position iden 
ti?er 304, a lexical item identi?er 306, a punctuation iden 
ti?er 314, and a rhetorical relation identi?er 316, each of 
which is con?gured to inter-communicate. The term “fea 
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ture” may be de?ned as an attribute, characteristic, and/or 
quality associated with an identi?ed sentence. More speci? 
cally, a feature may include a lexical feature (e.g., word, 
phrase, etc.) and/or punctuation within the identi?ed sen 
tence. In this regard, the position identi?er 304 is con?gured 
to identify sentences and paragraphs within the essay and 
generate a “?at” ?le including a sentence entry for each 
identi?ed sentence. For each identi?ed sentence, an absolute 
and relative position may be determined and stored to the 
corresponding sentence entry (entry) in the ?at ?le. In 
addition a variety of features may be included in the entry 
and these features may be set, by default, to “F” for false. In 
this regard, each entry may include a string of features 
separated by commas, for example. As will be described in 
greater detail hereinbelow, as particular features are identi 
?ed, these default settings may be modi?ed to “T” for true. 
An example of a ?at ?le for an essay including 18 identi?ed 
sentences, 3 identi?ed paragraphs and approximately 40 
lexical features is shown in the following Table 1: 

TABLE 1 

TEXT,1,18,1,3,Frst,F,F,T F T,F F F 

TEXT, 2, 1s, 1, 3, Bd, F, F F 

TEXT,3,18,1,3,Bd,F, F 

TEXT,18,18,3,3,L 

a 

FT PF 

[0026] As shown in table 1, the example of a ?at ?le 
includes 18 entries, one for each identi?ed sentence. Each 
entry begins with a ?rst feature, the term “TEXT” to indicate 
a text segment (eg a sentence, phrase, etc.) is being 
identi?ed. The next four features are positional features. 
These positional features, respectively from left to right, are 
as follows: sentence position; total number of sentences 
(utilized to determine relative sentence position); paragraph 
position; and total number of paragraphs (utiliZed to deter 
mine relative paragraph position). The sixth feature is uti 
liZed to indicate whether the sentence is a ?rst sentence, a 
body sentence, or a last sentence, respectively within the 
essay. The remainder of the features are utiliZed to indicate 
the presence (T) or absence (F) of pre-determined lexical 
and/or punctuation features. In the example of a ?at ?le 
provided in table 1, approximately 46 features are identi?ed. 
However, in practice, any reasonable number of features 
may be identi?ed. For example, in another embodiment of 
the invention, approximately 100 features are identi?ed for 
each identi?ed sentence. 

[0027] The position identi?er 304 is further con?gured to 
determine a relative position for each identi?ed sentence 
within the essay and/or within a paragraph. As the relative 
position is determined, this value may be stored to the 
appropriate entry in the ?at ?le. For example, in the ?at ?le 
for an 18 sentence essay described in table 1, a total number 
of identi?ed sentences is determined and this value is stored 
within each entry. In addition, a total number of paragraphs 
and an associated paragraph number may be stored within 
each entry. The position identi?er 304 is further con?gured 
to forward the ?at ?le to the lexical item identi?er 306. 

[0028] The lexical item identi?er 306 is con?gured to 
identify lexical features and modify the ?at ?le accordingly. 
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Basically, the lexical item identi?er is con?gured to parse 
each identi?ed sentence for the presence of a pre-de?ned 
lexical feature and, if found, modify the corresponding entry 
in the ?at ?le. These lexical features may also be described 
as “cues” (e.g., indicators, guides, etc.) due to their asso 
ciation With discourse elements and/or rhetorical structures. 
In general, cues may include Words, terms, phrases, syntac 
tic structures, and the like. As shoWn in FIG. 3, the lexical 
item identi?er 306 includes a category-speci?c cue identi?er 
308, a general vocabulary identi?er 310, and a key term 
identi?er 312. 

[0029] The category-speci?c cue identi?er 308 is con?g 
ured to identify cues typically associated With particular 
discourse elements. In this manner, a cue may be utiliZed to 
indicate a particular sentence is a particular discourse ele 
ment. For example, the phrase, “in conclusion” is typically 
associated With the conclusion statement. Other examples 
include Words such as, “opinion” and “feel” being generally 
associated With the thesis statement. 

[0030] In an embodiment of the invention, the category 
speci?c cue identi?er 308 may parse through each sentence 
of the essay searching for a plurality of pre-determined cues. 
The category-speci?c cue identi?er 308 is further con?gured 
to modify the appropriate entry in the ?at ?le in response to 
identifying a cue. Moreover, the category-speci?c cue iden 
ti?er 308 is con?gured to forWard the ?at ?le to the general 
vocabulary identi?er 310. 

[0031] The general vocabulary identi?er 310 is con?gured 
to identify features that may be associated With discourse 
structures. A discourse structure is a term used to describe an 
elementary discourse unit, such as a thought or statement. In 
general, a discourse structure may include a Word, term or 
syntactic structure. More particularly, a discourse structure 
is typically made up of a sentence or phrase. 

[0032] The features identi?ed by the general vocabulary 
identi?er 310 have been predetermined to be associated With 
speci?c discourse marker Words and terms. For example, the 
Words, “agree” and “disagree” may be associated With 
identi?cation of an argument. In another example, Words 
such as, “this” and “these” may indicate that the topic being 
discussed has not changed. The general vocabulary identi?er 
310 is further con?gured to modify the appropriate entry 
Within the ?at ?le in response to identifying a pre-deter 
mined feature. Furthermore, the general vocabulary identi 
?er 310 is con?gured to forWard the ?at ?le to the key term 
identi?er 312. 

[0033] The key term identi?er 312 is con?gured to parse 
each sentence for pre-determined cues associated With vari 
ous discourse relationships. For example, the Words, “?rst”, 
“second”, “third”, and “?nally” may be associated With 
parallel discourse relationships. In another example, Words 
such as, “however” and “altematively” may be associated 
With a contrasting discourse relationship. The key term 
identi?er 312 is further con?gured to modify the appropriate 
entry Within the ?at ?le in response to identifying a pre 
determined feature. Furthermore, the key term identi?er 213 
is con?gured to forWard the ?at ?le to the punctuation 
identi?er 314. 

[0034] The punctuation identi?er 314, is con?gured to 
identify punctuation pre-determined to be associated With 
particular discourse elements. For example, an exclamation 
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point at the end of a sentence may indicate a relatively loW 
probability that the sentence is a thesis or conclusion state 
ment and a relatively high probability that the sentence is a 
supporting sentence. In addition, the punctuation identi?er 
314 is further con?gured to modify the appropriate entry 
Within the ?at ?le in response to identifying a pre-deter 
mined punctuation. Furthermore, the punctuation identi?er 
312 is con?gured to forWard the ?at ?le to the rhetorical 
relation identi?er 316. 

[0035] The rhetorical relation identi?er 316 is con?gured 
to receive the ?at ?le and generate a rhetorical structure tree 
(“RST”) (See FIG. 5) based on the essay and/or the ?at ?le. 
A rhetorical relation is a term used to describe hoW tWo or 
more rhetorical structures are connected (e.g., related). In 
this regard, a text segment (e.g., phrase, sentence, etc.) may 
have a rhetorical relation to other text segments in an essay. 
In a general example, a statement may contrast another 
statement, a paragraph may elaborate on a sentence, and the 
like. In a more speci?c example, a text segment beginning 
With the Word, “but” may be said to contract a preceding text 
segment. A more detailed description on the topic of rhe 
torical relation may be found in Us. Pat. No. 6,366,759 B1 
and is hereby incorporated in its entirety. Rhetorical features 
identi?ed by the rhetorical relation identi?er 316 may be 
stored to the ?at ?le (e.g., utiliZed to modify corresponding 
entries in the ?at ?le, etc.). The rhetorical relation identi?er 
316 is further con?gured to forWard the ?at ?le to the 
discourse analysis modeler 318. 

[0036] The discourse analysis modeler 318 is con?gured 
to receive the ?at ?le from the feature extractor 302 and 
extract patterns from the ?at ?le, based on previous training 
(See FIG. 7). In the previous training, a model 320 is 
generated (See FIG. 6). In general, the model 320 includes 
at least one decision tree generated based on essays anno 
tated by experts and/or trained judges. By navigating the 
decision tree based on the presence or absence of features 
associated With each entry in the ?at ?le, a probability 
correlating each identi?ed sentence to a discourse element 
may be determined. Thus, for each sentence, the model 320 
is utiliZed to determine the likelihood of the sentence 
belonging to a discourse classi?cation category. To those 
skilled in the art, this process is described as “mapping”. For 
example, as the ?at ?le is “mapped” (e.g., overlaid, com 
pared, etc.) to the model 320, the probability of each 
identi?ed sentence being the thesis statement is determined. 
These probabilities are compared and, the sentence With a 
relatively higher probability is determined to be the thesis 
statement. Furthermore, in this manner, the discourse analy 
sis modeler 318 may utiliZe the model 320 to assign (e.g., 
categorize) each identi?ed sentence as being (or not being) 
a member of a particular discourse element. 

[0037] In another embodiment, the discourse analysis 
modeler 318 is con?gured to utiliZe a voting algorithm to 
classify sentences in discourse element categories. In gen 
eral, although not shoWn in FIG. 3, the voting algorithm may 
utiliZe decisions from a plurality of substantially indepen 
dent discourse analysis systems (e.g., discourse models, 
models, etc.). (See FIG. 6). For example, the model 320 may 
include a model generated based positional data, a model 
generated based on lexical features based on punctuation. 
Thus, the ?at ?le may be mapped to each of the plurality of 
models generating a plurality of probabilities. These prob 
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abilities may be utilized, based on a level of agreement 
betWeen the models, to categorize each sentence. 

[0038] The discourse analysis modeler 318 is further con 
?gured to annotate the essay based on the determined 
probabilities. This annotated essay may then be forWard by 
the discourse analysis modeler 318 to the user interface 300. 

[0039] With reference to FIG. 1, in another embodiment, 
the ADAA 180 may be con?gured to intercommunicate With 
a database such as the database 160. In this regard, the 
ADAA 180 may be con?gured to execute autonomously 
and/or provide the user With the capability to select data 
from the database 160 for analysis. 

[0040] FIG. 4 is a How diagram of a method 400 for the 
ADAA 180 according to an embodiment of the invention. 
Accordingly, the method 400 may be implemented on a 
computer system (e.g., the computer system 200) and/or 
over a computer netWork (e.g., the computer netWork 100). 
The method 400 is initiated in response to receiving an 
essay. 

[0041] At step 402, sentences of the essay may be iden 
ti?ed by the position identi?er 304. Furthermore, a ?at ?le 
including a sentence entry for each identi?ed sentence may 
be generated by the position identi?er 304. Each sentence 
entry may include a string of features separated by commas. 
Positional features may be assigned a numerical value and 
the lexical features may be set, by default, the “F” for false. 
As Will be described in greater detail hereinbeloW, as par 
ticular lexical features are identi?ed, these default settings 
may be modi?ed to “T” for true. 

[0042] At steps 404-408, lexical features are identi?ed and 
corresponding entries for identi?ed sentences Within the ?at 
?le are modi?ed accordingly by the lexical item identi?er 
306. 

[0043] At step 404, cues typically associated With particu 
lar discourse elements are identi?ed by the category-speci?c 
cue identi?er 308. In addition, entries in the ?at ?le corre 
sponding to sentences having identi?ed cues may be modi 
?ed. For example, if the second identi?ed sentence is 
determined to include the pre-de?ned search term “opinion”, 
then lexical feature corresponding to the term “opinion” may 
be modi?ed from “F” to “T” in the second entry. 

[0044] At step 406, features associated With discourse 
structures may be identi?ed by the general vocabulary 
identi?er 310. In addition, entries in the ?at ?le correspond 
ing to sentences having identi?ed features may be modi?ed. 
For example, if the third identi?ed sentence is determined to 
include the pre-de?ned search term “those”, then lexical 
feature corresponding to the term “those” may be modi?ed 
from “F” to “T” in the third entry. 

[0045] At step 408, pre-determined cues associated With 
various discourse relationships may be identi?ed by the key 
term identi?er 312. In addition, entries in the ?at ?le 
corresponding to sentences having identi?ed cues may be 
modi?ed. For example, if the fourth identi?ed sentence is 
determined to include the pre-de?ned search term “never the 
less”, then lexical feature corresponding to the term “never 
the less” may be modi?ed from “F” to “T” in the fourth 
entry. 

[0046] At step 410, pre-determined punctuation marks 
may be identi?ed by the punctuation identi?er 314. In 
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addition, entries in the ?at ?le corresponding to sentences 
having identi?ed punctuation may be modi?ed. For 
example, if the ?fth identi?ed sentence is determined to 
include the pre-de?ned punctuation “7”, then feature corre 
sponding to the punctuation “7” may be modi?ed from “F” 
to “T” in the ?fth entry. 

[0047] At step 412, an RST is generated based on the ?at 
?le by the rhetorical relation identi?er 316. In addition, 
based on the RST, rhetorical features are identi?ed and 
corresponding entries for identi?ed sentences Within the ?at 
?le are modi?ed accordingly by the rhetorical relation 
identi?er 316. 

[0048] At step 414, the ?at ?le may be mapped to the 
model 320. In general, the likelihood of each identi?ed 
sentence being a particular discourse element is determined. 
These probabilities are compared and, the sentence With a 
relatively higher probability for the particular discourse 
element is determined to be that particular discourse ele 
ment. Furthermore, in a similar manner, the probable dis 
course element category for a plurality of identi?ed sen 
tences may be determined by the discourse analysis modeler 
318. 

[0049] Additionally or in another embodiment of the 
invention, a voting algorithm may be utilized to classify 
sentences into discourse element categories by the discourse 
analysis modeler 318. In this regard, the decisions from a 
plurality of substantially independent discourse analysis 
systems may be Weighed (e. g., compared, etc.) to determine 
a discourse element category probability for each identi?ed 
sentence. 

[0050] At step 416, the essay may be annotated based on 
the determined probabilities by the discourse analysis mod 
eler 318. This annotated essay may then be forWard by the 
discourse analysis modeler 318 to the user interface 300. 

[0051] At step 418, the annotated essay may be displayed 
to the user via the display 214 by the user interface 300. 
Following step 418, the method 400 may end or the method 
400 may idle until further user commands and/or essay are 
received. 

[0052] FIG. 5 is a diagram of a rhetorical structure tree 
(“RST”) 500 according to an embodiment of the invention. 
As shoWn in FIG. 5, the RST 500 includes discourse 
structures 502-514 and rhetorical relations 516-526. In the 
RST 500, each discourse structure 502-514 is identi?ed as 
having a rhetorical relation 516-526 to another discourse 
structure 502-514. For example, the discourse structure 506 
has the rhetorical relation 522 to the discourse structure 508. 
In the example described, the rhetorical relation 518 is a 
“joint” relation. This may be determined based on the 
conjunction “and” Which is used to “join” the discourse 
structure 508 to the discourse structure 506. Other examples 
of rhetorical relations include: elaboration, background, 
contrast, cause, antithesis, interpretation, etc. 

[0053] Additionally, each of the rhetorical relations 516 
526 includes an associated node 528-538 (e.g., connection). 
Each node 528-538 may be characterized by a “status” 
(nucleus or satellite). The distinction betWeen nuclei and 
satellites comes from the empirical observation that, in 
general, a nucleus is utilized to express more important 
content relative to a satellite. Furthermore, a nucleus of a 
rhetorical relation is typically comprehensible independent 
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of the satellite, but not vice versa. Moreover, these discourse 
structures and rhetorical relations may be utilized as features 
and thus, may be stored to the ?at ?le. 

[0054] In the above-included example, the RST 500 Was 
automatically generated based on an essay utilizing a cue 
phrase-based discourse parser (not shoWn) of Dr. Daniel 
Marcu (“The theory and practice of discourse parsing and 
summarization” The MIT press, 2000) and is hereby incor 
porated by reference in its entirety. HoWever, in response to 
a different essay, the cue-phrase-based discourse parser, may 
generate a different RST. Accordingly, the above described 
RST 500 is provided by Way of an example only. Therefore, 
the invention is not limited to the cue-phrase-based dis 
course parser or the RST 500, but rather, various embodi 
ments of the invention may include any reasonable method 
of identifying and categorizing sentences, and thus, are 
Within the scope of the invention. 

[0055] In the folloWing FIG. 6, training data is utilized to 
build a discourse analysis model, such as the model 320. In 
an embodiment of the invention, this training data may 
include essays and the like. In this regard, the training data 
may be similar to the essay data described hereinabove. 

[0056] FIG. 6 is a block diagram of an architecture for an 
embodiment of a discourse analysis model builder (“model 
builder”) 600. While not shoWn in FIGS. 1 and 2, the model 
builder 600 may be implemented on a computer system 
(e.g., the computer system 200) and/or over a computer 
network (e. g., the computer network 100). As shoWn in FIG. 
6, the model builder 600 includes a user interface 602, a 
feature extractor 604, and a machine learning tool 618. 

[0057] The user interface 602 is con?gured to accept 
training data and/or annotations of the training data. The 
annotations may include marks (e.g., indicators, etc.) iden 
tifying the discourse elements of the training data. The 
annotations may further include marks identifying various 
other discourse categories, such as “irrelevant”, “incompre 
hensible”, and the like. “Irrelevant” may also be used to 
identify a text segment that does not contribute in a mean 
ingful Way. “Incomprehensible” may be used to identify a 
text segment that is not understood by the annotator (e.g., 
incorrect syntax, incorrect Word usage, etc.). While the 
annotations may be generated in a variety of manners, in an 
embodiment of the invention, the user interface 602 is 
con?gured to accept manual annotations of the training data 
from a trained judge (See FIG. 8). The training data may 
include essays and the like. Additionally, the user interface 
602 is con?gured to forWard the training data and/or the 
manual annotations to the feature extractor 604 and receive 
the model 320 from the machine learning tool 618. 

[0058] The feature extractor 604 of the model builder 600 
is similar to the feature extractor 302 described hereinabove 
and thus only those features Which are reasonably necessary 
for a complete understanding of the feature extractor 604 are 
described hereinbeloW. One difference betWeen the feature 
extractor 604 and the feature extractor 302 is that the feature 
extractor 604 is con?gured to receive, process, and/or for 
Ward data associated With the manual annotations. In this 
regard, folloWing extraction of features, generation of a ?at 
?le, and generation of an RST, the feature extractor 604 is 
con?gured to forWard data associated With the manual 
annotations and/or the ?at ?le to the machine learning tool 
618. 
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[0059] The machine learning tool 618 is con?gured to 
receive the manual annotation data and/or the ?at ?le from 
the feature extractor 604 and generate the model 320 based 
on this data. In general, the machine learning tool 618 is 
con?gured to determine patterns associated With each anno 
tation. For example, the conclusion statement may be 
strongly correlated With positional data (e.g., a conclusion 
statement is typically at, or near, the end of an essay). In an 
embodiment of the invention, a machine learning tool (e.g., 
a data mining tool, etc.), C5.0TM. (Available from RULE 
QUEST RESEARCH PTY, LTD., AUSTRALIA), is utilized 
to generate the model 320. HoWever, in other embodiments 
of the invention, various other machine learning tools, and 
the like, may be utilized to generate the model 320 and are 
thus Within the scope of the invention. In this regard, in 
another embodiment of the invention, a plurality of models 
may be generated and incorporated into the model 320. For 
example, a model based on positional data, a model based on 
lexical features, a model based on key features, and another 
model based punctuations may be generated. These substan 
tially independent models may be incorporated into the 
model 320. In this manner, a voting algorithm may receive 
categorized sentences from each model and determine a 
consensus for each categorized sentence. The machine 
learning tool 618 is further con?gured to forWard data 
associated With the categorized sentences to the user inter 
face 602. 

[0060] In another embodiment, the model builder 600 may 
be con?gured to intercommunicate With a database such as 
the database 160. In this regard, the model builder 600 may 
be con?gured to execute autonomously and/or provide the 
user With the capability to select data from the database 160 
for discourse analysis model building. 

[0061] FIG. 7 is a How diagram of a method 700 for 
building the model 320 according to an embodiment of the 
invention. While not shoWn in FIGS. 1 and 2, the method 
700 may be implemented on a computer system (e.g., the 
computer system 200) and/or over a computer netWork (e. g., 
the computer netWork 100). As shoWn in FIG. 7, the method 
700 is initiated in response to receiving at least one anno 
tated essay (e.g., annotated training data). The annotated 
essay may be generated in a variety of manners (See FIG. 8) 
and thus, any reasonable method of generating annotated 
essay is Within the scope of the invention. In an embodiment 
of the invention, the annotated essays may be in the form of 
a plurality of essays discussing one or more topics. The 
plurality of essays having been annotated by trained judges 
(See FIG. 8). In general, the annotation may be utilized to 
identify discourse-relevant features (e.g., discourse ele 
ments, cues, etc.). 

[0062] At step 702, in response to receiving the at least 
one annotated essay, discourse-relevant features are 
extracted by the feature extractor 604. For example, in a 
manner similar to step 402-412, sentences may be identi?ed, 
a ?at ?le may be generated for the at least one essay, features 
and punctuations may be identi?ed and appropriate modi 
?cations may be made to the ?at ?le. 

[0063] At step 704, in response to receiving the at least 
one annotated essay and/or the ?at ?le, some of all of this 
information is examined for patterns by the machine leam 
ing tool 618. In addition, these patterns are utilized to build 
the model 320. 
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[0064] At step 706, the model 320, may be evaluated. For 
example, the model 320 may be utilized in a method similar 
to the method 300 to annotate an essay. The essay may be 
annotated by an expert and/or judge (See FIG. 8) and a 
comparison of the annotations may be performed. If the 
annotations agree Within a predetermined range, the model 
320 may pass the evaluation and the model 320 may be 
forwarded to the ADAA 180. If the annotations fail to agree 
Within a predetermined range, the model 320 may fail the 
evaluation and the method 700 may return to step 702. 

[0065] FIG. 8 is a How diagram of a method 800 for 
generating annotated essays according to an embodiment of 
the invention. As shoWn in FIG. 8, the method 800 is 
initiated in response to an expert and a judge receiving at 
least one essay from the database 160. The expert may be 
one or more persons generally recogniZed as having greater 
than average skill in the art of discourse analysis. The judge 
may be one or more persons of at least ordinary skill in the 
art of discourse analysis. 

[0066] At step 802, the judge is trained by the expert. For 
example, the judge may observe the expert annotate one or 
more essays. The judge and expert may discuss hoW and 
Why particular annotations are made, etc. In addition, While 
the essays are shoWn being received from the database 160, 
the essays may be received in any reasonable manner. 

[0067] At step 804, data is annotated by the judge based on 
training received at step 802. For example, the judge may 
identify and mark (e.g., annotate) the thesis statement and 
conclusion in one or more essays. These annotations may be 
stored in the database 160. 

[0068] At step 806, it is determined if the performance of 
the judge is acceptable. For example, annotated essays 
performed by a ?rst judge may be compared to annotated 
essays of the same data by the experts and/or a second judge. 
A level of agreement betWeen the annotated essays may be 
determined by calculating values for one or more of: Kappa, 
precision, recall and F-measure. In this regard, Kappa is a 
generally knoWn equation for determining a statistical prob 
ability of agreement, excluding the probability of chance. 
Precision is a measure of agreement betWeen the ?rst judge 
and the second judge, divided by the number of annotations 
performed by the ?rst judge. Recall is a measure of agree 
ment betWeen the ?rst judge and the second judge, divided 
by the number of annotations performed by the second 
judge. F-measure is equal to tWo times precision times 
recall, divided by the sum of precision plus recall. 

[0069] If the performance of the judge is determined to be 
unacceptable, the judge may receive more training at step 
802. If the performance of the judge is determined to be 
acceptable, the judge may generate annotated essays at step 
808. 

[0070] At step 808, annotated essays may be generated by 
the judge. For example, the judge may receive essays from 
the database 160 and annotate the essays. These annotated 
essays may be forWarded to the ADAA 180 and/or the 
annotated essays may be stored to the database 160. 

[0071] Additionally, While in an embodiment of the inven 
tion it may be practical for the expert to train one or more 
judges. For example, if a relatively large number of essays 
are to be annotated and doing so Would be unduly burden 
some to a relatively small number of experts, it may be 
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advantageous to train a plurality of judges. In another 
embodiment of the invention, it may be more practical for 
the expert to act in the capacity of the judge or vise versa. 
For example, if there are a relatively loW number of essays 
and the expert is capable of annotating them in an expedient 
manner or a plurality of relatively skilled judges, requiring 
little or no training, may be located. Therefore, While judges 
and experts are discussed herein, it is Within the scope of the 
invention utiliZe one or the other and thus, steps 802-806 
may be optional. 

[0072] Furthermore, although not shoWn in FIG. 8, the 
annotated essays may be generated in a variety of manners 
and thus, any reasonable method of generating annotated 
essays is Within the scope of the invention. In an embodi 
ment of the invention, the annotated essays may be in the 
form of a plurality of essays discussing one or more topics. 
The plurality of essays having been annotated by trained 
judges. In general, the annotations may be utiliZed to iden 
tify discourse-relevant features (e.g., discourse elements, 
cues, etc.). 

[0073] The ADAA 180, the model builder 600 and the 
methods 400, 700 and 800 may exist in a variety of forms 
both active and inactive. For example, they may exist as 
softWare program(s), comprised of program instructions in 
source code, object code, executable code or other formats. 
Any of the above may be embodied on a computer readable 
medium, Which include storage devices and signals, in 
compressed or uncompressed form. Examples of computer 
readable storage devices include conventional computer 
system RAM (random access memory), ROM (read only 
memory), EPROM (erasable, programmable ROM), 
EEPROM (electrically erasable, programmable ROM), ?ash 
memory, and magnetic or optical disks or tapes. Examples of 
computer readable signals, Whether modulated using a car 
rier or not, are signals that a computer system hosting or 
running the computer program may be con?gured to access, 
including signals doWnloaded through the Internet or other 
netWorks. Concrete examples of the foregoing include dis 
tribution of the program(s) on a CD ROM or via Internet 
doWnload. In a sense, the Internet itself, as an abstract entity, 
is a computer readable medium. The same is true of com 
puter netWorks in general. 

[0074] Additionally, some or all of the users of the meth 
ods 400, 700 and 800 may exist as softWare program(s). For 
example, some or all of the experts, judges, and users 
referred to herein may include softWare agents con?gured to 
generate essays, annotate essays, and/or teach judges to 
annotate essays. In this regard, the softWare agent(s) may 
exist in a variety of active and inactive forms. 

[0075] What has been described and illustrated herein are 
embodiments of the invention along With some of their 
variations. The terms, descriptions and ?gures used herein 
are set forth by Way of illustration only and are not meant as 
limitations. Those skilled in the art Will recogniZe that many 
variations are possible Within the spirit and scope of the 
invention, Which is intended to be de?ned by the folloWings 
claimsiand their equivalentsiin Which all terms are meant 
in their broadest reasonable sense unless otherWise indi 
cated. 

1. A method comprising: identifying a sentence of an 
essay; determining a feature associated With said sentence; 
determining a probability of said sentence being a discourse 
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element by mapping said feature to a model, said model 
having been generated by a machine learning application 
based on at least one annotated essay; and annotating said 
essay based on said probability. 

2. The method according to claim 1, Wherein said dis 
course element is at least one of: title; background; thesis 
statement; main points; support; and conclusion. 

3. The method according to claim 1, further comprising: 
receiving said essay. 

4. An automatic essay annotator comprising: means for 
identifying a sentence of an essay; means for determining a 
feature associated With said sentence; means for determining 
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a probability of said sentence being a discourse element, said 
means for determining said probability being con?gured to 
map said feature to a model, said model having been 
generated by a machine learning application based on at 
least one annotated essay and said discourse element being 
at least one of: title; background; thesis statement; main 
points; support; and conclusion; and means for annotating 
said essay based on said probability. 

5. The automatic essay annotator according to claim 4, 
further comprising: means for receiving said essay. 

* * * * * 


